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EXECUTIVE SUMMARY 

The United States has always been preem
inent in key areas of basic research. However, 
other nations are often the first to take new 
ideas generated by this research from the 
laboratory to the marketplace. Increasing the 
speed at which the United States translates 
new discoveries and innovations into com
mercial applications is essential to enhancing 
our competitiveness in global markets. The 
Vertical Integration of Science, Technology, 
and Applications (VISTA) is an initiative 
developed by the Pacific Northwest Labora
tory (PNL) that addresses this issue by estab
lishing an efficient information technology 
that links users in the marketplace with the 
U.S. Department of Energy's (DOE's) most 
current research concepts, technologies, and 
information. 

The goal of VISTA, which is being sup
ported at PNL by DOE, is to make research 
results (data, models, advanced concepts) 
usable and available to speed research and de
velopment (R&D) applications and reduce the 
costs of solving complex environmental prob
lems facing DOE and the nation. 
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By providing users with information at 
earlier stages of R&D and within a consistent 
framework, VISTA will more effectively 
transfer technology, information, and research 
results to solve complex problems such as 
hazardous waste management and global 
climate change. Users in the hazardous waste 
management area include DOE contractors 
and consultants performing cleanup work. For 
global climate change, users include research
ers, the federal government, policymakers, 
industry, and state and local planners. 

As an initial effort, VISTA conducted an 
assessment of the DOE Environmental Resto
ration Market and the information manage
ment issues associated with the site charac
terization and assessment process. From this 
assessment, VISTA developed the Environ
mental Restoration Information System 
(ERIS) concept for the information and 
technology management issues associated 
with DOE's Environmental Restoration 
Program. A generic software architecture is 
being developed to support ERIS and future 
VISTA products. 
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INTRODUCTION 

BACKGROUND 

The U.S. Department of Energy (DOE) 
has established an Environmental Restoration 
Program to address the cleanup of existing 
hazardous waste sites across the entire DOE 
complex. DOE is faced with an immense 
information management challenge in imple
menting this program. This challenge goes 
beyond simply dealing with the large quantity 
of data that will be generated, which may 
amount to as much as 2.5 million pages each 
year. The number of DOE sites, their location 
in different regions, and the cadre of contrac
tors that will be involved raise other informa
tion management issues that must be ad
dressed. Among these are 

• assuring a uniform approach across and 
within sites with respect to data validation 
and quality assurance, decision making 
and documenting, and reporting 

• providing efficient access to information 
on new technologies and sharing of infor
mation among sites to facilitate knowl
edge and technology transfer and to avoid 
costly duplication of effort 

• responding to requests for information 
that require aggregating information 
across sites from a variety of constituents 
(for example, Congress, the media, public 
interest groups) in a timely and credible 
manner. 

A technically credible information man
agement system applied consistently across 
all DOE facilities will enable DOE to conduct 
its waste remediation program in a cost-
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effective, timely manner while instilling 
public confidence in the process. A standard
ized approach to information management 
will greatly facilitate negotiations with the 
regulatory agencies and the public, as well as 
minimize duplication of costs among sites 
and contractors in this area. 

THE VISTA INITIATIVE 

The Vertical Integration of Science, 
Technology, and Applications (VISTA) is an 
initiative developed by the Pacific Northwest 
Laboratory (PNL)C•> to employ modern infor
mation and communications technology for 
rapid and effective dissemination and use of 
research results, with emphasis on applying 
these results to environmental problems. 
VISTA is being supported at PNL by DOE. 
The goal of VISTA is to make research 
results (data, models, and advanced concepts) 
usable and available to users in the areas of 
hazardous waste management and global 
climate change to speed research and devel
opment applications and reduce the costs of 
solving the complex environmental problems 
facing DOE and the nation. 

As a DOE-supported multiprogram labo
ratory, PNL generates and acquires informa
tion and software in certain application areas 
(for example, in environmental modeling). 
This information historically has received 
limited distribution; typically, it is delivered 
to the client and published in the open 

(a) Pacific Northwest Laboratory is operated by 
Battelle Memorial Institute for the U.S. Department of 
Energy under Contract DE-AC06-76RLO 1830. 



literature, where it is not easily accessible. In 
addition, the complex environmental prob
lems we face today are multidisciplinary and 
transdisciplinary in nature; for example, 
global climate change research requires a 
myriad of disciplines. Traditionally, advances 
in one field have not been communicated 
across disciplines. VISTA is an effort to 
integrate the needed technologies and make 
information more useful to a broader user 
base in solving environmental problems. 

VISTA is a key component in PNL's en
vironmental research and development port
folio. VISTA will link end users outside PNL 
to the most current research information from 
the Molecular Science Research Center, the 
Environmental Science Research Center, and 
other research and development programs at 
PNL. Individuals throughout the country who 
are involved in studying, managing, and 
ultimately solving complex problems in the 
areas of global climate change and hazardous 
waste will have ready access to the informa
tion they need, regardless of where the infor
mation is stored, integrated with the needed 
analysis tools and advanced graphics. 
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VISTA will develop and deploy informa
tion systems, in the form of software or soft
ware/hardware products, to broad segments of 
the environmental market. VISTA products 
will provide user-friendly access to diverse 
information bases at PNL and elsewhere. The 
products will allow the incorporation of 
needed application codes (for example, 
groundwater models), and provide the user 
with an environment to support decisions and 
documentation. 

There are two critical components of the 
VISTA initiative: 1) the underlying software 
framework, called the VISTA architecture; 
and 2) the process by which implementation 
of this architecture is constructed to develop 
specific products. The VISTA architecture is 
an evolving generic system framework that 
will allow diverse applications to be easily 
implemented. The VISTA process consists of 
a systematic approach to determine the end
user needs and the subsequent development 
of specific products implemented within the 
VISTA architecture. 



ACCOMPLISHMENTS DURING FISCAL YEAR 1989 

The VISTA initiative is organized into 
three groups: Market Analysis and Business 
Planning, Product Definition and Develop
ment, and VISTA Architecture (Figure 1). 
The Market Analysis and Business Planning 
Group is charged with identifying and evalu
ating the need for VISTA products in various 
market or problem areas and developing and 
analyzing business strategies throughout the 
life cycle of the product. The Product Defmi
tion and Development Group defines the user 
requirements and the functions of the system, 
and then builds the prototype product within 

the VISTA framework. The VISTA Architec
ture Group is developing the generic software 
framework and providing elements of the 
framework to the product group. 

MARKET ANALYSIS AND BUSINESS 
PLANNING 

In anticipation of DOE's focus on envi
ronmental restoration, the VISTA market 
analysis effort during FY 1989 was devoted 
to evaluating the regulatory and technical 

Product Definition 
and Development 

EJtJ --- -

VISTA Architecture Market Analysis and 
Business Planning 

FIGURE 1. Major Activities Within Pacific Northwest Laboratory's Vertical Integration 
of Science, Technology, and Applications Initiative 
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issues and costs associated with environ
mental cleanup, with particular emphasis on 
information management. This evaluation, 
which is documented in Geffen et al. (1989), 
focused very carefully on lessons learned by 
the Department of Defense (DOD) and the 
U.S. Environmental Protection Agency 
(EPA). Additional activities were directed at 
gaining a preliminary understanding of user 
characteristics and needs, and identifying 
related products that are currently on the 
market. 

PRODUCT DEFINITION AND 
DEVELOPMENT 

From the market analysis evolved the 
concept of the first VISTA product line, the 
Environmental Restoration Information 
Management System (ERIS). ERIS has been 
proposed to DOE by PNL and Argonne 
National Laboratory as a mechanism for 
managing the technical, administrative, and 
regulatory data associated with site remedia
tion activities throughout the DOE complex. 
As envisaged, it would capture the varying in
formation needs of DOE managers and con
tractors at DOE Headquarters (DOE-HQ) and 
Field Offices within an integrated system to 
ensure consistency across all DOE facilities. 
ERIS consists of management and engineer
ing workstations that have been developed for 
existing desktop computers. Applications pro
grams (e.g., groundwater models) that exist or 
are under development are incorporated into 
these workstations. User-friendly access is 
provided from the workstations to existing 
national data bases, and the workstations are 
interconnected throughout the DOE complex. 

Figure 2 provides a conceptual view of 
the system. The management and engineering 
workstations will incorporate analysis tools 
and data bases to support the specific needs of 
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the end users. At the site level, interconnected 
data bases containing waste characterization 
data would be maintained for each operable 
unit (OU). An OU is a grouping of waste 
management units for assessing, investigat
ing, and, if required, taking remedial or cor
rective actions. Information from each of the 
individual OU data bases could be aggregated 
for tracking and reporting at the site manage
ment level. A workstation tailored to the spe
cific needs of site management would enable 
this activity. Information from each of the 
sites could, in turn, be aggregated at the 
DOE-HQ level by using the headquarters 
workstation. 

Each level would have access to national 
data bases containing information pertinent at 
all levels. DOE and other federal agencies 
have established some data bases (e.g., EPA's 
Integrated Risk Information System [EPA 
1988]). Additional information resources 
would be developed as the need is estab
lished. The national data bases, for example, 
could contain information on new and emerg
ing waste treatment and characterization tech
nologies or current and relevant regulations 
that guide restoration activities. DOE has 
made significant investments in national 
information systems for the Waste Informa
tion Network (WIN) (Fore et al. 1985). These 
national data bases will also provide an effi
cient means of capturing and transferring site 
experience information throughout the com
plex, thus avoiding costly duplication of 
effort. 

An ERIS demonstration system was 
developed for conveying concepts of ERIS to 
DOE. Several demonstrations were given 
during the year to individuals within DOE, 
and as a result of their comments, modifica
tions were made, and the system continued to 
evolve. DOE-HQ is currently evaluating 
ERIS, and the overall feedback is positive. 
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FIGURE 2. Concept of the Environmental Restoration Information System with User 
Subsystems and Distributed Data Bases for Coordinated and Uniform 
Management of Environmental Restoration Information 

VISTA ARCHITECTURE 

The VISTA architecture forms the frame
work within which the goals of the VISTA 
initiative are to be realized. The goals of this 
architecture, or framework, are 

• System Independence- The VISTA archi
tecture will allow the use of a range of 
computer hardware. 

• Network Capability - The VISTA archi
tecture will have the ability to control 
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communication and processes across local 
and wide area networks. This will be 
accomplished in a way that is clear to the 
user, so he or she does not need to be con
cerned with where the data resides or on 
what computer the processes are running. 

• User Guidance- Central to the architec
ture framework is a unique interface user 
that guides the user in the execution of 
complex tasks. 



• Application Plug-In Capabilities- The 
framework will allow the integration of 
existing codes. These codes will have full 
use of the services of a dynamic user 
interface and an automatic linkage to the 
data bases on the system. 

During FY 1989, the VISTA Architecture 
Group focused on the latter two components. 
A study of user interface management system 
software established the near-term direction 
for the user interface for VISTA products. 
The user interface management system can be 
defined generally as a set of high-level, inter
active tools for generating user interfaces for 
specific products. In support of user guidance 
a Laboratory Notebook Concept evolved as a 
conceptual scheme for organizing complex 
tasks and procedures that are to be carried out 
on a computer. A preliminary invention dis
closure for the Laboratory Notebook Concept 
was filed in February 1989. 

Significant progress was made on the 
application plug-in capability. An evaluation 
of environmental modeling codes, such as the 
Coupled Fluid, Energy, and Solute Transport 
(CFEST) model (Gupta et al. 1987) and the 
Remedial Action Priority System/Multimedia 
Environmental Pollutant Assessment System 
(RAPS!MEPAS) (Whelan et al. 1987; Droppo 
et al. 1989), was undertaken to understand the 
problems associated with incorporating these 
codes into the VISTA architecture. A central 
control element was designed to allow the 
incorporation of existing codes without re
engineering the original code. 

The VISTA Architecture Group has 
adopted object-oriented design (000) for use 
in the conceptual design of VISTA system 
components. Object-oriented design is a new 
methodology for thinking about, planning, 
specifying, and documenting solutions to 
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information processing problems. OOD em
bodies aspects of the object-oriented pro
gramming philosophy (which is currently 
being applied to the implementation of 
software-based solutions) to provide en
hanced tools and techniques for design. Tra
ditionally, design emphasis has been on 
procedural specification alone or directed 
toward data and process independently. The 
fundamental departure of 000 from conven
tional design methodologies is that it inte
grates the consideration of data and procedure 
so they are viewed in balance throughout the 
design process. The VISTA Architecture 
Group has modified and extended basic 000 
methodologies as reported in the computing 
literature to fit VISTA design needs. 

Both the Laboratory Notebook Concept 
and the central control element were tested in 
a research prototype constructed using OOD 
methodologies. The prototype process is the 
development of a scaled-down version of a 
system or a selected aspect of a proposed 
system to use in building a full-scale system. 
The final product of a prototype is a working 
model that can be used for many purposes, 
such as requirement validation, feasibility 
study of a complex system, behavioral speci
fication of a system, and functional specifica
tion of a system design. Developing a proto
type enables adjustment requirements and 
design modifications in the analysis and 
design phases of the system life cycle as 
rapidly and efficiently as possible. The proto
type is a working implementation of a partial 
VISTA product that includes the Laboratory 
Notebook, integration of existing applica
tions, a modular user interface, and a central 
communications control module. The proto
type is being evaluated and tested and will 
provide the foundation for VISTA architec
ture research during 1990. 



FUTURE ACTIVITIES 

During FY 1990, the primary emphasis 
will be on establishing ERIS as a tool that can 
be used by DOE's Environmental Restoration 
Program for employing modern information 
management technologies. Evaluation of the 
needs ofDOE-HQ and field offices will con
tinue, as will assessment of current and 
planned related activities inside and outside 
DOE. Based on this information, the develop
ment plans for ERIS will be modified as 
needed. Work on the VISTA architecture will 
proceed. The goal of the VISTA Architecture 
Group in FY 1990-1991 is to develop the first 
working model of the VISTA architecture. 
This model will encompass a portion of the 
major functions of the architecture and will 
be a development base for the continuing 
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work in FY 1991. The architecture will be 
developed in stages, with milestones where 
portions of it could be made available for 
product development as the needs arise 
throughout PNL. 

Other areas of VISTA will be evaluated 
during FY 1990 to determine priorities. In 
addition to hazardous waste and global cli
mate change, DOE's waste minimization 
program and DOD's hazardous waste pro
grams will be assessed. From ERIS to the de
velopment of additional, future information 
products to support these other programs, 
VISTA will become a principal mechanism 
within PNL for effectively moving technol
ogy development to application. 
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STAFF PROFILES 

Michael J. Graham 

Dr. Graham is Chief Engineer of the VISTA 
initiative. He holds an M.S. degree and Ph.D. 
in Hydrology and Applied Mathematics from 
Indiana University and a B.S. degree in 
Biology/Chemistry from University of Notre 
Dame. His research has focused on ground
water flow and contaminant transport in 
respect to hazardous waste management at 
DOE's Hanford Site. Dr. Graham is a faculty 
member at Washington State University, Tri
Cities, where he teaches graduate-level 
groundwater hydrology courses. 

Before accepting his VISTA assignment, Dr. 
Graham managed PNL's Geosciences Depart
ment, where he was responsible for planning, 
business development, and direction of 200 
staff members involved in all aspects of 
research in the geosciences. 

Janice R. Lewis 

Ms. Lewis is manager of the VISTA Product 
Development and Defmition Group. She 
holds an M.S. degree in Computer Science 
from Washington State University, and a B.S. 
degree in Mathematics from the University of 
Idaho. Prior to her VISTA assignment, Ms. 
Lewis managed software development proj
ects for PNL clients. These projects used her 
extensive experience in defining user require
ments and designing software for scientific 
and business systems. 

Bobi A. Garrett 

Ms. Garrett leads the VISTA Market Analysis 
and Business Planning Group. She has a B.S. 
degree in Chemical Engineering from 
Montana State University and an M.B.A. 
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from the University of Washington. She is 
currently a senior program manager in PNL's 
Technology Planning and Analysis Center. 
Before taking this assignment, she managed 
the Technology Applications and Markets 
Group. Her research has focused on the 
technical, economics and market issues 
associated with developing and deploying 
advanced technologies, with emphasis on 
energy and environmental issues. 

Edward W. Kleckner 

Dr. Kleckner leads the VISTA Architecture 
Group. He holds a Ph.D. in Physics from the 
University of Washington and an under
graduate degree in Physics from Princeton 
University. His research has focused on 
aeronomy and space physics, image proc
essing, and the design of automated optical 
instrumentation. Before his VISTA assign
ment, Dr. Kleckner managed PNL' s Geo
physics Section, where he led the establish
ment of an active research program in 
measuring solar radiation and was principal 
architect of a network of Mobile Automatic 
Scanning Photometers. He is currently an 
affiliate associate professor of the Geophysics 
Department at the University of Washington. 

Charlette A. Geffen 

Ms. Geffen has played a key role in VISTA 
Market Analysis and Business Planning. She 
has a B.S. degree in Civil Engineering from 
Stanford University and an M.B.A. in 
Finance from the University of Washington. 
As manager for PNL's Technology Policy 
Analysis Department, she evaluates and 
assesses regulatory, institutional, and organi
zation issues related to technology develop
ment and deployment. 



Charles R. Cole 

Mr. Cole is a staff scientist in the Hydrology 
Section of PNL's Earth and Environmental 
Sciences Center. He is an expert on modeling 
and applications for the VISTA initiative. Mr. 
Cole has an M.S. degree in Computer Science 
from Washington State University and a B.S. 
degree in Physics from Kent State University. 
For the past 18 years, he has developed and 
applied groundwater flow and transport 
models for the study and management of 
groundwater resources related to nuclear and 
hazardous waste management. He is currently 
leading a DOE project team participating in 
an international project to test geosphere 
performance models against laboratory and 
field data and natural analogs. 

Marcie Olander 

Ms. Olander contributes to the User Interface 
Task for the VISTA Architecture Group and 
is leading the User View Prototype Task for 
the Product Definition and Development 
Group. She received B.S. and M.S degrees in 
Electrical Engineering from Brigham Young 
University. Ms. Olander is experienced with 
the full life-cycle of software development, 
recently leading two different prototype 
efforts to determine or validate design specifi
cations. As a senior research scientist in 
PNL's Computational Sciences Department, 
Ms. Olander creates applications in a variety 
of areas, including user interfaces, application 
control, and information management and 
analysis. 

Mark A. Whiting 

Mr. Whiting is a member of the VISTA 
Architecture Group; he is leading the Labora
tory Notebook Development Task. He re
ceived his M.S. degree from the University of 
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Virginia and a B.S. degree from Virginia 
Polytechnic Institute and State University. 
His research has focused on object-oriented 
computing and knowledge-based systems 
development. At PNL, he is guiding develop
ment of artificial intelligence capabilities in 
artificial neurocomputing and reasoning about 
physical systems. Mr. Whiting is a faculty 
member at Washington State University, Tri
Cities, where he teaches graduate and under
graduate courses in computer science. 

Larry H. Gerhardstein 

Mr. Gerhardstein is a senior scientist for 
VISTA. He holds B.S. and M.S. degrees in 
Electrical Engineering from Washington State 
University. His specialty is using advanced 
state-of-the-art methods in real-time computer 
applications. Before coming to PNL, Mr. 
Gerhardstein played a key role in developing 
the programming for an ultrasonic inspection 
system for the legs of an oil platform in the 
North Sea. 

Marcia B. Walter 

Ms. Walter is a member of the VISTA Prod
uct Definition and Development Group and 
was task leader for the conceptual design of 
the ERIS engineering workstation. She has an 
M.S. degree in Environmental Engineering 
and B.S. degree in Civil Engineering from 
Washington State University. Her work has 
focused on multimedia contaminant transport 
and exposure and risk assessment modeling. 

Gary R. Black 

Mr. Black is a computer scientist in the 
VISTA Architecture Group. He has a B.S. in 
Computer Science from Washington State 
University. Mr. Black is a scientist within 
PNL's Geosciences Department, where his 



work has focused on groundwater flow 
modeling. His work on VISTA has been on 
the user interface component of the 
architecture. 

Robert W. Bryce 

Mr. Bryce performs technology assessment 
and is a technical resource for the ERIS 
Product Development Team. He holds an 
M.S. degree in Hydrology/Hydrogeology 
from the University of Nevada, and a B.S. 
degree in geology from the University of 
Puget Sound. His research has focused on 
groundwater flow system characterization. In 
additional to his VISTA assignment, Mr. 
Bryce manages the Hanford Groundwater 
Surveillance Project and is the technical 
group leader for the Hydrologic Characteriza
tion Group. 

Mike De Yaney 

Mr. De Yaney is responsible for the Guidance/ 
Expert Assistance Task for the VISTA Archi
tecture Group. He has a B.S. degree in 
Mathematics from the University of Wash
ington. Mr. DeVaney has 18 years of experi
ence in computer science, and his current 
interests are research and development of 
knowledge-based systems and hypermedia 
systems. 

Martin R. Siegel 

Mr. Siegel works primarily with the VISTA 
Marketing Team and provides analysis of 
environmental regulatory and policy issues in 
the hazardous waste and global climate 
change areas. He received his J.D. from 
Temple University, a Master of Public Health 
degree from Johns Hopkins University 
School of Hygiene and Public Health, and a 
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B.A. degree in Communications, American 
Civilization from the University of Pennsyl
vania. Before coming to PNL, Mr. Siegel was 
a senior attorney for the Centers for Disease 
Control and the Agency for Toxic Substances 
and Disease Registry. 

Roger S. Barga 

Mr. Barga is principal investigator in the 
Intelligent Data Management Task of the 
VISTA Architecture Group. He holds an M.S. 
in Computer Science from the University of 
Idaho and a B.S. degree in Mathematics/ 
Computer Science from Boise State Univer
sity. His research interests include knowledge 
representation, applied artificial intelligence, 
and connectionist modeling. Mr. Barga is a 
research scientist in the Knowledge-Based 
Systems Group of PNL's Computational 
Sciences Department and lecturer in Com
puter Science at Washington State University, 
Tri-Cities. 

Christina E. Cowan 

Dr. Cowan is a contributor to the VISTA 
Product Definition and Development Group 
and CY 90 Prototype Task. She holds a Ph.D. 
in Civil Engineering with emphasis in Envi
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The VISTA team published three PNL re
ports and prepared nine internal documents 
during FY 1989. Team members gave 16 
presentations and briefings to DOE, other 
contractors, and vendors, and gave 18 demon
strations and presentations to PNL staff. 
Preliminary invention disclosures were made 
for the Laboratory Notebook concept and the 
VISTA architectural concept in February. 
External publications and presentations are 
listed here. 
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Briefing to John Tseng (Director of Environ
mental Guidance and Compliance, DOE-EH) 
by D. W. Dragnich and M. J. Graham. 

15 

Briefing to Ray Pelletier (Director of Envi
ronmental Guidance) and staff members Tom 
Traceski and Tom Frangos by D. W. Drag
nich, K. A. Higley, and M. J. Graham. 

Presentation to IBM [Rudy Wolf, Mark 
Summerson, Don Siefert (Kennewick) and 
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and J. R. Lewis. 
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Briefing to DOE-RL by C. A. Geffen. 

Briefing to Roger Freeberg (DOE!RP/DP) by 
M. J. Graham. 

Briefing to IBM (Palo Alto) by M. J. Graham 
and J. R. Lewis. 
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Briefing to DOE-RL by C. A. Geffen. 

Briefing to Hank McGuire (Westinghouse 
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Briefing to John Anttonen (DOE-RL) by M. 
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October 

Briefing to Susan Prestwich (DOE-RL) by M. 
J. Graham. 

Presentation to Clyde Frank (DOE-HQ) by 
M. J. Graham. 



• 

PNL-7369 
UC-402 

DISTRIBUTION 

No. of 
Copies 

OFF SITE 

48 DOE/Office of Scientific Technical 
Information 

A. P. Campbell 
Argonne National Laboratory 
EAIS-362-3F 
9700 Scass Ave. 
Argonne,IL 60439 

R. B. Craig 
HAZWRAP, Martin Marietta Energy 

Systems, Inc. 
P.O. Box 2003, MS 7606 
Oak Ridge, TN 37831-7606 

K. Drake 
MS E535 
Los Alamos National Laboratory 
Los Alamos, NM 85745 

J. W. Formento 
Argonne National Laboratory 
EAIS-362-3F 
9700 Scass Ave. 
Argonne,IL 60439 

C. Frank 
EM-50 
Office of Technology Development 
U.S. Department of Energy 
1000 Independence Ave., S. W. 
Washington, DC 20585 

No. of 
Copies 

D. C. Fulmer 
EM-43 
Office of Environmental Restoration 
19901 Germantown Rd. 
Germantown, MD 20585 

C. W. Guidice 
EM-10 
Office of Planning and Resource 

Management 
U.S. Department of Energy 
1000 Independence Ave., S. W. 
Washington, DC 20585 

R. P. Whitfield 
EM-40 
Office of Environmental Restoration 
U.S. Department of Energy 
1000 Independence Ave., S. W. 
Washington, DC 20585 

A. Young 
NP-22 
U.S. Department of Energy 
1000 Independence Ave., S. W. 
Washington, DC 20585 

ON SITE 

8 

Distr.1 

DOE Richland Operations 

N. M. Highland 
R. D. Izatt 
D. K. Jones 
J. D. Kantzky 
J. E. Ollero 
J. J. Sutey 
D. E. Trader (2) 



No. of 
Copies 

2 

90 

Westin2house Hanford Company 

C. Defigh-Price 
H. E. McGuire 

Pacific Northwest Laboratmy 

R. C. Adams 
J. F. Bagley 
W. J. Bair 
R. S. Barga 
G. R. Black 
R. W. Bryce 
D. B. Cearlock 
R. L. Cheatham 
C. R. Cole 
C. E. Cowan 
G. W. Cunningham 
D. M. DeVaney 
D. W. Dragnich 
J. W. Falco 
R. W. Fleischman 
B. A. Garrett (5) 
C. A. Geffen 
J. M. Gephart 
L. H. Gerhardstein 
M. J. Graham (20) 

No. of 
Copies 

Disrr.2 

M.S. Hanson 
P. C. Hays (4) 
F. C. Hood 
J. F. Keller 
E. W. Kleckner 
M. L. Knotek 
W. W. Laity 
J. R. Lewis (5) 
R. C. Liikala 
J. L. McElroy 
M. Olander 
Y. Onishi 
G. R. Petersen 
J. T. A. Roberts (10) 
R. W. Root 
M. R. Siegel 
R. L. Skaggs 
S.C. Slate 
S. L. Stein 
G. M. Stokes 
M. B. Walter 
M. A. Whiting 
R. E. Wildung 
W. R. Wiley 
L. D. Williams 
Publishing Coordination 
Technical Report Files (5) 

PNL-7369 
UC-402 

• 


